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SPHERE AND BONE PLATE

TECHNICAL FIELD

The present invention relates generally to an orthopedic
implant assembly system and in particular to a multi-axial
bone plate system.

BACKGROUND ART

Orthopedi¢ implant assembly systems having a multi-axial-
bone plate are known in the art and include at- 1east two
pedicular screws anchored in adjacent vertebrae to be treated
and a ‘connec‘.ting plate designed to connect the screw heads
together in a rigid manner. Prev:'_.o‘us references, such as U.S.
Patent Nos. 6,287,309 ,a'nd 5,486,176 disclo'se a system of this
kind in which each pedicular screw has a hexagonal section
part for 1nsert1ng the screw into the. bone arnd on top of whlch
is a threaded shank. The plate has a plurality of oblong‘
openlngs through which the various threaded ‘shanks can be-
inserted and an open groove on its bottom face to prevent
rotation of the hexagonal part of each pedicular screw.

Each pedicular screw is associated with a stirrup through
which the threaded shank of the screw also passes and which
straddles the top of the plate. Finally, a nut is screwed
onto the threaded shank to trap and immobilize the plate with
the stirrup on top ofi it, between it and the hexagonal portion
of the screw. . ‘

Further, known systems include at least two pedicular
screwe and a coﬁriecting plate for linking screws together in
essentially a  rigid manner. BEach screw has a bone anchor
threaded part,' a non-circular section head, and a threaded end
shank adapted to cooperate with a nut. The .plate has at least’
one opening adapted to ‘have the threaded end shank of the

screw pass through it and be trapped between the screw head
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and the nut. Raised patterns are provided on the top face of
the plate and on the bottom face of the stlrrup to prevent
1ongltud1na1 sliding of the plate relative to the screw. A
locking member is -also provided for preventing relative
angular movemeht between the heads of the screws and the
connecting plate‘ ~ The locking member is adapted to be
inserted between the plate and the screw head and 1ncludes a
bar through which the threaded end shank of the screw passes.
The 1locking = member further includes a first locking
cooperatlon of shapes with the screw head and a seeond
cooperation of shapes with the plate. | '

Although these systems are generally satisfactory, they
nevertheless have certain drawbacks. Specifically, in certain
systems, raised patterns have to be provided to prevent
sliding becauee the plate and the stirrup cooperate via two
plane faces in compression. Absence of the raised patterns
would - lead to the risk of entlrely unacceptable relative
movement of the vertebrae. The machining required to create’
these raised patterns siénificantly increases the mean cost of
the plates and the stirrﬁps. |

Additionally, the raised patterns can impede £fine
adjustment -of the system. For example, there are only a
particular number of discrete mutually engageable positions of
the piate and the stirrup, i.e., a .particular number of
discrete distances between the screws. Moreover, 1if the nut
is over-tightened before the final tightening, lateral sliding
of the plate and the stirrup during adjustment may be impeded.

Some of the drawbacks associated with other designs
include that the first locking coo@eration and second
cooperation of shabes with the plate forbid and restrict plate
movement in an ahterior and posterior directioﬁ once .- the

pedicle screw has been rested against the plate member.
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Additionally, most plate systems include a bene fasterier
with a threaded end extended from the vertebral bodyf o In
order to lock the screw relative to the plate, 'a nut must be
used in- combination with the screw. ihe problem associated
with this design is that if the screw is not placed at the-
correct depth within the vertebral body, the aésembly must be
disasseﬁbled in erder to either-increase or decrease the.depth'
of the screw in the vertebrae. An addltlonal problem results‘
from thlS action due to the fact that once the screw has been
placed too deep within the vertebral body, the screw might be
less securely locked within the vertebral body when the screw
is backed out and placed in its cerrect bosition..

Othet shortcomings of known systems include angled
orientations in the sagittal direction are not permitted due
to the shape of the locking cooperation merbers.

SUMMARY OF THE INVENTION

An orthopedic bone plate system having a boné plate for
placement adjacent one or more vertebral bodies. The bone
plate has a first aperture extending along a longitudinal akis
and anlupper and lower surface. The bone plate system further
includes a slldlng element having a top portlon and a base
portion and an aperture extending along a central axis. The
sliding element is adapted for beiﬁg placed adjacent to the
Eone plate aperture. |

The eystem preferably includes a bone fastener having a
longitudinal axis which is adapted for connecting the bone

plate to a vertebral body. The bone fastener includes a stem

. and a bone engaging portion. The diameter of the stem may be

less than a" cross section of the eliding element aperture so -
that the stem may be oriented within the sliding- element:
aperture at a plurality of arigles.

The system  may further include a stopplng .element

ehgageable' with the sliding element base portion. The
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stopping element includes a bore adapted for receiving the
stem portion of‘the bone fastener. The orthopedic bone plate
system,maj also include a locking element eﬁgageable'With the
top portion of the sliding element and having a bore adapted
for receiving the stem portion of the bone fastener,

The sliding element may also include a'compression member
and a locking member. The compression member‘haying a top
portion while the locking member includes a base portion. The-
compression member may be adapted to engage‘ the lockihg
member. A plurality of fingers may extena in a diregtién
péraliel to the central axié of the cOmpressibn membér-from
the top portion toward‘the base portion. The fingérs may be -
tapered inwardly toward the central axis. The top and base
portieons may include an inwardly tapered wall. Further, thé'
top portion may also include a radially outwardly extending.
curve wall while the base portion may also include a radially
outwardly extending curve wall.

In one embodiment, the fingers have a ridge extending at
least partially around an outer circumference thereof. The
ridge is adapted to engage a lip extending at leaSt partially
around an innexr circumference of the base portion.

The. sliding element apertiure may have a ‘minimum diameter
greater, than the maximum diameter- of theA stem of the Abone

fastehér. A locking element may include a base and a cap.

The locking element may also have a concave wall at least

- partly surrounding. the locking element - bar. Further, the

locking element may include ' threads matéable to threads
disposed on the stem of the bone fastener. The . iécking
element may threadably engage the stem bf the bone fastener
wherein the concaﬁe surface of the locking element is adapted.
for ‘cooperating with the sliding —-elements spherical . top

portion at a plurality of different angles.
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In additional embodiments, the stopping element may have
an inner spherical wall. at least partially sur:ounding the
stopping element bore wherein the stopping element inner

spherieal wall is adapted. for cooperating with a spherical

- surface of the slidiné element base portion at a plurality of

‘different angles. ' The stopping element may Ffurther include

threads.mateable to threads on the stem of the bone fastener.
In a preferred 'embodiment of the present invention, the

stepping element, locking nut and bone fastener are adapted

for Dbeing locked on the sliding element relative to one

another wherein the stopping element, lecking element and the
bone fastener may'.be~ positioned abouﬁ the sliding element’
aperture at a plurality of different angles.

The bone plate hay'.further include an - interior wall
adapted for cooperating with the top and base portion of the
sliding element The top portion and base poxrtion may also
include a radially extending shoulder adapted for cooperating
with. the. upper and lower surface of the bone plate The
Slldlng element may be adapted for slldlng along the bone
plate aperture along the longitudinal ‘axis. ‘

The orthopedlc bone plate system may further include a
first set of threads diéposed on the stem portion and a seeond
and third set of threads dlsposed on the stopplng element bore
and the locking element bore respectlvely The first set of
threads engage the second and third set of threads when the
stem portion is placed w1th1n the locking element bore and the
stopping element bore. .

The bone . fastener may further include a top surface
havingta recess adapted forx engaglng aﬁ instrument or tool.
Preferably, the recess is capable of being accessed after the:
bone plate assembly is aséembledw

The bone plate may have at least two apertures separated

by a bridge extending transverse to the longitudinal axis.
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Further, the bone plate may be curved in an anterior and
posterior direction. '

The'pfesent invention also includes a sYstem for coupling
a bone fastener to a bone plate having a bone plate. with a
bone facing surface and an‘ elongated opening therethrough

extending along a longitudinal access_.genérally'-parallel to

‘tHe bone facing surface. An insert slidable in the elongated

© opening may‘also be included. The insert including a first- -

part with a part\spherical outer surface and an internal bore
extending along an axis‘transVerse to the elongatéd opening in
the bone plate. Further, .the system may include 4a' bqne."
fastener having a first bone engaging portion and a second
portion for extgnding thrdugh the -bore and the insert and a
locking element mounted on the second portion of the fastener.
The ‘locking ‘element . having a parts spherical surface for
engaging the sphefical ~outer surface of the insert. The
locking element moves toward the bone plate élong<the second
portion of the fastener for engaging and ‘moving the insert
first part into engagement with the bone plate. '

The insert may further include a second part mounted on
the fastener and engageable with the bone facing plate7
surface. The first and second insert parts move towards one
another for clamplng the bone plate therebetween

The system may further include a stopping element méunted
on the fastener of the second portion and engageable with a
boné facing surface of the insert second part. The second
portion of the bone fastener may be threaded and the stop
element and the locking element may include threaded bofes for
threadably engaging the threads of the féstener of the éecond
portion. The first and second insert parts may each have outer
tapered surfaces for engaging tapered surface in the aperture.

The present invention also includes a method for

implanting an orthopedie impiant system: in a bone preferably
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including the steps of engaging a bone engaging portion of a
bone fastener having a first bone engaging portion and second
portion extending from the bone engaging portion. along a

longitudinal axis to a bone. A bone plate may be proVided‘

- having a bone facing surface and an elongated opening

therethrough extending aleng a longitudinal axis generally

parallei to the bone facing surface.” The present method of

operation may further include placing an. J.nsert slidable. in -

the elongated opening on the bone fastener. The 1nsert‘hav1ng
a first part with a spherical outer surface and an intérnal
bore extending along an axis transverse to the elongated
opening in the plate. The insert may te positiornied down the
bone fastener second portion whereln the insert bore 1is
adapted for receiving ‘the second portion. Further, the bomne
plate and the insert may be oriented inté a desired position
with respect to the bone fastener.. Fnrther, a locking element
may be meunted. on a second portion of the. fastener.‘ The .
locking element having a spherieai surface for. engaging the
spherical outer surface of the insert. The locking element
moves toward'the bone plate along the secon& portion of the
fastener fer‘engaging and moving the insert first part into
engagement with the bone'plate.

The method may further include the step of adjusting the
bone fastener -relative to the bone after the insert receive
the second portion. The insert may also 1nelude a second part
having a bore for receiﬁing the bone fastener.second portion.
The second part'being engageable with the bone facing plate
surface wherein said first and second insert parts are
moveable. towards one another for clamping the bone plate
therebetWeen.. ‘ .

A method may further include the step of mounting a stop
element ori the fastener second portionAand engageable.with a-

bone facing surface of the insert second part
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood on
reading»‘the following detailed descriptioﬁ of non-limiting
embodiments thereof; and on examining the accompanying'
drawings, in which:

FIG. 1 is a schematic drawing in ~cross-section

illustfating an embodiment of the orthopedic implant of the

' present invention 1mplanted into a vertebrae;

FIG 2 is an exploded perspectlve view of one embodlment

‘of the orthopedic system of the present 1nventlon,

FIG. 3 is a cross-sectional view of the embodiment
illustrated in FIG. 2 assembled; '

FIG. 4a 1is a perspective view of an elongated plateAused:
in one embodiment of the present invention;

FIG.. 4b is a cross-sectional view of the plate
illustrated in FIG. 4a along lines 4-4;

FIG. 5a is a perspective view of a'bone faetener.

FIG. 5b is a cross-sectional view of the bone fastener
illustrated in FIG. 5a along lines 5b-5b;

FIG. 6a is a perspective view of top portion df a sliding
element used in one embodiment of the present invention;

FIG. 6b is a cross-sectional view of the embodiment shown
in FIG. 6a aiong lines 6-6; | ‘

| FiG. 7a is a perspective view of thé bottom portion of

the sliding element ~used in one emnbodiment of the present’
invention; ‘ . -

FIG. 7b is a cross-sectional view of the sliding element
illustrated in FIG. 7a; .

'FIG. 8a is a perspective view of a stopping element;

FIG. 8b is a cross-sectional view of the stopping element
in FIG. 8a; |

FIG. 9a is a perspective view of a locking element used

in- one embodiment of the present invention;
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FIG. 9b is a cross-sectional view of the locking element
illustrated in FIG. 9a.
DETAILED DESCRIPTION

For the purposes of promoting and understanding the

- principles of the ‘present invention,  reference will now be

made to the embodiment illustrated in .the' drawings and
specifieation lenguage will be used to describe the same.
Nevertheless, by those’ skilled in the ‘art, it will . be
understood that no limitation of the scope of the present
invention is thereby intended, and further changes ' in the
illustrated device may be made without deviating from the
scope of the present invention.

As shown in FIG. 1, the spinal implant system 10 of the
present invention includes a plate 12, a sliding element 14
having a top portion 16 and a bottom portioﬁ 15, a bone
fastener 18, a stopping element 20; ahd a locking element 22.
As shown in the figures, bone fasteners 18 function te anchor
plate 12 to vertebral bodies 2 aﬁd may be oriented at an angle
with regard to the vertebral body.

‘ FIG. 2 details the assembly of  the ‘parts of FIG. 1
employed in..the spinal implant system 10. Although the
preferred embodiment iliustrated in the figures is shown with
only one plate 12 and bone fastener 18 and related elements,
dlfferent numbers of any of these elements may be utilized
without departlng from the scope of the present invention.
For example, a . plurallty of plates 12 can be wused in
conjunction with'eech other, or a greater or lesser number of
bone fasteners418 mey be used depending upon the configuration
of the plate 12 and medical problem to be addressed and/or any
other factors, - The present invention contémplates having at‘
least oné bone plate and two bone fasteners as well as two

sliding elements 14, two stopping elements 20, and two locking
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elements 22, one of the elements 14, 20, 22 associated with
each fastener 18.

FIG. 3 illustrates the cooperation and positioning- of
each element 14, 15, 20, 22 relative to the other Oh
fastener 18 with plate 12° positioned aleong a longitudinal
axis. Preferably this longitudiﬁal‘,axis is adjacgnt the
ldngitudinai axis of a spinal column. Sliding‘elgment 14 is
then positiéned .within apertures of the  plate as will be-
discussed below. At this point, the. top. and bottom
portions 15, 16 of sliding element 14 is cépablé of slidiﬁg
back and forth about the plétes' apertures 40.' The sfopbing‘
element 20 is positioned beneath the base portion 15 of the
sliding element 14. The stopping element 20 is designed to be
able to rotate about a curved exterior wall of the basé‘
portion 15 while still maintaining contact with base
portion 15. Subsequentiy, a bone fastener 18 such as a bone
screw -is placed through an aperture of the sliding element 14
and erigages the stopping element 20. Lastly, the locking
element 22 is received by the bone fastener and translated

downward until coming in contact with the top ‘surface of

‘portion 16 of the sliding element 14. Further discussion

regarding specific features of each element as well as the
cooperation between the elements will be discussed in further
deﬁail below.

Referring now.toAFIGS. 2, 3, 4a, and 4b, there is shown a
preferred emquiment of plate 12. Plate 12 preferably"has a
generally . rounded — rectangular or oval ‘shape, an upper
surface 30, a.- lower surface 32, a proximal end 31, ‘éndA a
distal end 33. Additionally, plate 12 haé two opposing sides,
right rail 34 and left rail 36. Plate 12 further includes at
least one aperturé.pr slot 40 ektending along a 16ngitudiﬁa1
axis 38 of plate 12 from upper surface 30 to lower surface 32

and from end 31 to end 33. In a preferred embodiment, a



10

15

20

25

130

WO 2005/089662 PCT/EP2005/003212

11

plurality of bridges 48 may extend substantially peréendicular
to right rail 34 and ,left_ rail 36, thereby creating*

plurality of'- apertures 40 = extending along .‘aXis 38;
Apertures 40 have a generally open geoﬁetry enabling slidihg

element 14 to be placed within the aperture and slide axially

"along longitudinal' axis 38. A circumferentially extending

interior wall 46 . of plate 12 may be substantially plahar

g1v1ng apertures 40- a uniform geometry, however,. in a.
preferred embodiment, apertures 40 generaliY" have a -
non-uniform about a = central axis 44, which  extends

perpendicularly to the plane of plate 12 and axis 38. Again,
although the interior wall 46 of plate i2 may be substantially -
parallel with exterior wall 48 of plate i2, in a preferred‘
embodiment, interior wall 46 is inwardly tapered from both the
top surface 30 and bottom surface 32.  When describing the
preferred.ewbodiment of interior wall 46, reference iefdrawn'
to the interior of left rail 36, although i should be .
reallzed by those. skilled in the art that rlght rail 34 and
the‘ ends of aperture 40 may have a substantially similar
interior wall adjacent upper surface 30. ‘Interior ‘wall‘éé
includes an inwardly tapered first wall portion 50 which, in
the preferred embodiment, ends adjacent the midway point.
between surfaces 30, 32. Likewise.interior wall 46 further
1ncludes an inwardly tapered second wall 52 extending to said
midway p01nt from lower surface 32. Extendlng therebetween
and connectlng first wall 50 and second. wall 52 is 1linking
wall 54 which may be substantially planar and parallel to
exterior wall 48.

in. a preferred embodiment, .first wall 50 and second‘
wall 52, extend circumferentially about apertures 40 and have-
a concavity facing awayifrom linking wall 54. Additionally;
in -the preferred embodiment, first wall 50 and second.wéll 52

include: chamfered edges 56 corinecting the walls to upper
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gurface 30 and lower - surface 32, respectively. This
configuration of.interior wall 46 allows for gfeater'polyaxial
motion of fastener 18 within plate 12 as will be déscribed
later. |

Plate 12 is of sufficient length to bridge more than one

vertebrae, as shown in FIG. 1, for- which stabilization is

required, and it would be appreciated, various dimensions of

the plate ahd its features exist, all Within‘the scope of the-
present‘invention. " The plate 12 may be substaﬁtially planar
as shown in FIG. 2 or have ‘a-concave shape as shoWn in FIG. 1.

The plate 12, as well as the other eiements of the
assembly, is preferably made from a biological inert material,
for example, any metal cuétomarily used for surgical devices
and particularly those.used for bone screws and piné, such as
titanium or. stainless steel. Other suitable materials
include, but are not 1imited to, metal alloys, composite
materials, ceramics, or carbon fiber materials.

wWith refefence to FIGS. 5a and 5b, "~ there is shown a
preferred embodiment of a bone fastener 18. Bone fastener 18
is in the shape of a pediqle screw; however, various other
fasteners may be utilized including a bone hook replacing the

threaded bone engaging end of the bone screw. 'Preferably,

. bone fastener 18 has a thréaded end 60 capable of anchoring

the fastener into a vertebrae or similar bone structure and a

opposing stem end 62. I a preferred embodiment stem. end 62

includes - an exterior thread 64 exposed along its “surface.
Bone fastener 18 may further include recess 66 for‘cooperating
with a screwdriver, wrench, Allen key, or similar'“tool.
Recess 66 may be in the form of a hexagén 67 as shown in the
figures or altefnatively, may be a =slot or other shape.
includihg projections that allow the tools ' previously
mentioned to mate to the bone - fastener lé and screw the bone |

fastener into a vertebral body 2. Bone fastener 18 may also
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have & top surfacé 68, which is substantially flat or in the
alternative has a spherical configuration.- either concaVed'or
convexed relative to threaded énd 60. ' ‘ -

Referring now generally to FIGS. 2; 3, 6a, and 6b, there

is shown a preferréd embodiment of top portion 16 of sliding

“element 14. Top portion 16 preferably inclﬁdes a rim 70

extendihg around the . circumference of top ©portion 16.
Adjacent rim 70" is skirt 72, which extends- axially and
radiaily outwardly arouna top portion 16 and in the preféfred
embodiment has a part-spherical outer surface relative to a
central longitudinal axis 75 of top portion 16. = At the lower
end of skirt 72 is an inwafdly- éxtending- shoulder 74.
Shoulder 74 extends radially inward to a substantially f£flat
wall 76 fof cooperating with iﬁtérior wall 50 of plate 12. 1In°
the preferred embodiment, portion 50 of wall 46 is taperéd
thus shoulder 74 is adjacent to aﬁ ihwafdly tapered wall 76,
as shown in FIG. 6B.. | | |

The top portion 16 of sliding. element 14 may further
include a plurality - of fingers 78 extending around the
circumference downwardly from tapered wall 76. Fingers 78 are
separated byi slots 80 . located adjacent and betwéen eéch'
finger 78. Each fingér 78 includes an outwardly tapered
wall 82 and an exterior wall 84. In a preferred embodiment,
exterior wall 84 of fingers 78 includeé a lip 86 extending
outwardly from a bottom portion of fingers 78. It is possible
for lip 86 to be dispésed along only a middle portion of
fingers 78 or be'ldcated on few than all the fingers.

Preferred top‘ portion 16 further includes a circular
aperture. 90 extending from rim 70 through the lower portion of
fingers:78.. ~ Aperture 90 has an inwardly tapered ‘axially:
extending interior wall 92 which at least partially defining
the.axial.extent'of aperture 90 and intersects with oﬁtwardly'

tapered walls 82 of fingers 78.
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As illustrated in FIGS. 7a ‘and 7b, base portion 15 of
sliding element 14Ahas a rim 100 extending around the top of
an‘aperture 102; which aperture extends through base portion
along a longitddinal axis 106. A tapered skirt 104 extends

radially outwardly from rim 100 and preferably has an outer

surface for engaging surface 52 of 'platellz. Adjacent to
‘skirt 104 is shoulder 108, which extends outward from
skirt 104 and away from longitudinal axis 106. Extending-

between shoulder 108 and a bottom surface 110 of element 15 is
exterior wall 112. Bottom- surface 110 extends radlally around
the 1ower surface of Dbase portlon 15. In a. preferred
embodiment the exterior surface of -wall 112 extends around
base portion 15 and has - a part-spherical configuration
relative to longitudinal axis 106. ‘
Aperture'102 extends through element 15 from rim 100 to.
bottom surface 110 and is at least partlally defined by
cylindrical interior wall 114. In the preferred embodiment,
interidr wall 114 is adjacent an abutting cyllndrlcal wall 116
of a small.diameter. The differences between the diameters .

create a lip 118. Lip 118 may extend completely around the

‘circumference of abutting wall 116 or only partially. Lastly,

in the preferred enbodiment outwardly surface 122 extends
downwardly from wall 114 to the surface 110.
The sliding element 14 is. preferably de81gned so that top

‘portion 16 is placed. within an aperture 40 of plate 12 with

shoulder 74 resting either against or near upper surface 30 of
plate 12. BaSeAportion 15 is subsequently snap-fitted to top
portion 16. Specifically, aperture 102 of base portion 15 -
slidably receives fingers 78 with wall 116 compressing
fihgers 78 within aperture 102. Top ‘portion 14 'is then

translated downward onto aperture 102 of base 15 oxr base
portieon 15 is translated upwardly over fingers 78 untll lip 86

engages shoulder 118 of base 15.
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Without the compressive inward force generated by
wall 116 compressing fingers 78 the fingers expand outWardly
either back to ‘their at-rest pos:Lt:Lon or preferably closer to
the;r at-rest position but still exhlbltlng a compre881ve

force to keep the parts together. Lip 86 also deflects

‘outward under the - shoulder :LA18, and subsequeritly locks top

portionhléi to base portion 15 at least so the top portion 14
cannot be moved"upward without a lateral inward force being -
applied to fingers 78. .Although in a preferred embodimént,
the sliding element 14 has been described as incl'udin'g: two
portions snap-fitted togethigt; it would not go beyond the
scope .of the present inventioh if 'At'he two ‘bodies were
assembled using alternate téchniques such as being screwed
together, | 1ocked together in athher manner, oOr even
consisting of a one-piece assembly "pr‘e—moided ‘within
aperture 40 of the plate 12. - ‘ '

In either situation, sliding element' 14 is capéble of
sliding in the direction of .longitudinal axis 38 within
aperture 40 with shoulder 74 and. shoulder 108 slldlng along
upper surface 30 and lower surxface 32 respectlvely

With ‘reference to FIGS. 8a and 8b, there is shownvan
embodiment of a stopping element 20. Stopping element 20

includes a top surface 111 and a bottom surface 113.

‘Eictending therebetween and adjacent to .top surface 111 and

bottom = surface 113 is exterior wall 115. In a preferred
embodiment exterior wall 115 extends circumferentially around

stopping element 20 and preferably is part-spherical relative

_to longitudinal axis 117 extending through the center of the

stopping. element but could be of ‘any shape. A concave
surface:119 extends downwardly and inwardly from surface 111 -
towards bottom surface 113. As. with exterior wall 115 in a
preferred embodiment interior wall 119 radially exﬁends. and is
part-spheri'cal .relative to longitudinal axis 123. Interior

[
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wall 119 - ends ~ within  stopping element 20 intermediate
surfaces 111 and 113. Aperture 121 extends through the

remainder of stopping element 20 as a threaded bore with a

.plurality of threads 117 extending between interior wall 119

and bottom surface 113. In a preferred embodiment, the radius

of curvature of interior wall 119 iS'substantially equal to

‘the radius of curvature of exterior ‘wall 112 of base portiod

15. . This éonfiguration permits element 20 to rotate on base-
portion 15 such that longitudinal axis 117 of stopping element
20 is angularly offset from longitudinal axis 106 of base
pértibn 15. | | A

~ As seen in FIGS. 9a and 9b, preferred locking element 22
includes base 130 and cap‘132. The locking element 22 also
includes an~apertufe 134 extending longitudinally through the
iocking element and about longitudinal axis  146.
Additionally, cap 132 may include a drive surface 136, such as
a hexagon, adjacent to base 130. Aperture'134 includes a
radially inwardly extending part—spherical.wall 140 defining'
the bottom portion of aperture 134. Wall 140 extends from
base 130 to a ‘threaded bore 144. Aperture 134 further

includes a threaded portion 144 defining the upper portion of

aperture 134. The threads of portion 144 and ‘threads 117
match threads 64 of fastener 18. k
In a preferred embodiment, the curvature of interior wall

140 is substantially equal to the curvature of skirt 72 of top

- portion 16. This configuration permits element 22 to rotate

on top portion 16 so that the longitudinal axis of the locking
element 22 is angularly off-set from the longitudinal. axis of
tqp portion 16 while  still maintaining a high degrée of
cooperation between the two elements. ‘

In a method of use of the present assembly, a bone
fastener 18 is eggaged to vertebral body 2 preferably after a

hole is pre-drilled into the vertebral body. Bone fastener 18
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is translated downward into vertebral body 2 until a desired
depth has been reached.. Stopping nut 20 is then threédably
engaged to stem end 62 of bone fastener 18. ~ The- stopping

nut 20 is translated downward along the stem end 62 until its

- desired location is reached. Either prior‘to these steps of

‘operation or during the same, sliding element 14 is assembled

within aperture 40 of plate 12 and is still able to slide back
and forth in the apertures along lbngitudinal axis 38 . of

plate 12. Positioned within plate 12, sliding ‘element 14 is

‘lowered about stem end 62 of- Dbone fastener 18 :with

apertures 90 and 102 of top poftion 16 and .,baseA portion 15,
respectively slidably receiving stem e‘nc‘i 62. Apertures 90 and
102 are preferably pro:vided with a minimum diameter greater'
than the maXimum diameter of stem end 62, to permit bone
fastener 18 to be angularly off-set £from slidirig,element 14
(i.e., their Ilongitudinal axis is ét an angle) . sliding
element 1.4 and plate 12 are lowered until base poftion 15
contacts or abuts stopping nut 20. Specifically, exterior
wall 112 of base portion 15 is placed adjacent and in contact
with interior wall 119 of stopping nut 20. . ‘ ‘

As can be viewed by the orientation of the two curved
walls, i.e., exterior surface 112 and interior surface 119,
the '~ orientation .of the stoppinc_:j nut 20 ,relétiv’e base
p@rtion 15 may be at various angles. ‘Sp‘ecifically, stopping
nut 20 can rotate with respect to 'exterior'surface 112 of the
base . portion 15 and still maintain comtact at at least two

discrete locations. The orientation of the. stopping nut 20

. relative to the base portion 15 depends on the relative angle

betwe.:en‘ plate 12 and fastener 18 wh.er.ein the bone fastener may
be angled into, the vertebral body at an angle different than
90° (perpendicular) relative to the positioning of plate 12.
More .specifically, since sliding element 14 has Aaperi;_ures ‘90

and 102, e.ach» aperture having a greater minimum radius than
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the radius ' of stem end 62 of bone fastener 18, Dbone
fastener 18 may'be positioned at varying angies relative  to
sliding. element 14. However, due to .the fact that the
stopplng nut 20 is threadably mated to stem end 62, stopping
nut 20 and bone fastener 18 maintain a co-axial relationship
hav1ng a common longitudinal axis once- assembled together.

In order to lock the assembly together, lecking.nut 22,
specifically aperture 134 is lowered doWnWard to receive stem

end 62.‘ Threads 64 of stem end 62 mate with threads 144 of

4lock1ng element 22. Locking element 22 is transleted downward

along a longitudinal axis 63 passing through the center of
bone fastener 18 until coming in contact with "surface 72 .of
sliding element 14. Specifidally, element 22 is threaded onto
shaft 62 until interior wall 140 comes in contact ‘ with

skirt 72 of Eop portion 16. Similar to the above—described.
cooperating relationship‘between stopping element 20 and base
portion 15, the  locking element 22 may be"oriented along
various angular positions relative to skirt 72 so that while
locking element 22 shares a common central axis with bone

fastener 18,  the central longitudinal axes of locking

‘element 22 and top portion 16 of element 14 may be offset from

one another.

In order to lock the elements of the assembly relative to
one aﬁother, locking element 22 .is translated further downward
applying an increased £force against top portion 16. ~ This
force is traneleted downward through plate 12, base portien 15
until - finally reaching stopping nut 20. ° At this point,
stopping nut 20 applies a reactive force upward agaiﬂst the
elements causing top portion 16 and base portion 15 to clamp

onto plate 12. Specifically, shoulder 74 of top portlon 16

~ contacts upper  surface 30 of plate 12  while bottom

shoulder 108 contacts lower surface .32 of plate 12. Continued -
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translation of locklng element 22 downward along stem end 62
locks all the elements relatlve to one another. ,

Prior to tlghtenlng the locking element 22 éompletely;
the.'assembly 10 may be loosely pre—aséembled as a unit or-
partially{pre—asseMbléd. Threaded end 60 of bone fastener 18
may then ﬁreferably be engaged into a pre~drilled hole located
within the vertebral body 2.. .. The bone fastener 18 ‘maY' be
translated downward into the vertebral  body by using a tool
recelved in recess 66 of bone fastener 18. Upon reachlng a
desired position for the bone fastener 18, the rest of the
assembly may be oriented in a desired relatlonshlp with once
again the possibility of a long1tud1na1 axis for ‘the bone
fastener 18, lock;ng nut 20 and locking nut 22 being offset .
from a central longitudinal éxis shared by plate 12 and
sliding component 14. »

In either method of use, because of the exposure of top

surface 68 of bone fastener 18, the bone fastener - may be - -

re-positioned relative to its depth in a vertebral body after
the - unit has been assembled but ‘prior - to being completed’
locked. ‘ ) '

Although the invention; herein has been described with
reference to particulaf embodiments, it is to be understood

that these embodiments are merely illustrative of.  the

‘principles and applications of the present . invention. It is

therefore to be understood that numerous modifications may~be
made . to the illustrative embodiments and  that other

arrangements may be devised without departing. from the spirit

- and scope of the present invention as defined by the appended

claims.

INDUSTRIAL APPLICABILITY

The present in&ention enjoys wide. industrial

"applicability in the pfthopedic industry.
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CLAIMS:

1. An orthopedic bone plate system, comprising:

a bone plate for placement adjacent one of ‘more
vertebral bodies, having a first aperture4extending along a
longitudinal axis and an upper and lower surface; |

' a sliding- element having a top portion and a base:
portion, and an aperture extending along a central axis
therethrough, said sliding element adapted for being placed
adjacent said bohe plate aperture;

' a bone fastener having a longitudinal axis and
adapted for connecting said bone plate to a vertebral body,
said bone fastener having a stem and a bone engaging portion,
wherein a diameter of said stem is less than a cross—sectibn
of said sliding element aperture éo that said stem may be
oriented within said sliding element aperture at a plurality -
of angles;

a stopping element engageable with said sliding
element base portion having a bore adapted for receiving said
stem portion of said bone fastener; and

a locking element engageable with said top portion
having a bore adapted for receiving said stem portion of said
bone fastener.

2. The orthopedic bone plate system according to
claim 1, wherein said sliding element includes a compression
membef and locking member, said compression member inéluding
said top portion, said locking member including said base
portion, wherein said compression member is adapted to engage
said locking member. |
| 3. The orthopedic bone plate system according to

claim 1, wherein a plurality of fingers extend in.a direction
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parallel to said central axis of said component from said top
poftion toward said base portion. |

4. The orthopedic bone plate system according to claim
3, wherein said fingers are tapered inwardly toward . said
central axis.

5. The orthopedic bone plate system according to
claim 1, wherein said top and base portions include an
inwardly tapered wall.

6. The orthdpedic bone plate system according to
claim 1, wherein said top portion includes a radially
outwardly extending curved wall.

7. The orthopedic bone plate system according to
claim 1, wherein said base portion includes a radially
outwardly extending curved wall.

8. The orthopedic bone plate system according to claim
7, wherein said fingers have a ridge extending at least
partially around an outer circumference thereof, said ridge
adapted to engage a lip extending at least partially around an
inner circumference of said base portion.

9. The orthopedic bone plate system according. to
claim 1, wherein said sliding element aperture has a minimum
diameter. greater than the maximum diameter of séid stem of
said bone fastener.

10. The orthopedic bone plate system according to
claim 1, wherein said locking element includes a base and a
cap. ‘

11. The orthopedic bone plate system according to
claim 1, wherein said locking element has a concave wall at
least partly surrounding said bore. |

12. The orthopedic bone plate ~system according to
claim 11, wherein'~said locking eleﬁent includes threads

mateable to threads disposed on said - stem of said bone

fastener.
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13. The orthopedic’ bone plate system according to
claim 12, wherein said locking element threadably engageé said
astem of said bone fastener, wherein said concave éurface of
said locking element is adapted for cooperating with said
sliding element spherical top portion at a plurality of
different angles.

14; The orthopedic bone plate system according to
claim 1, wherein said stopping element has an inner spherical
wall at least partially surrounding said stopping element
bore, wherein said stopping‘element inner spherical wall is
adapted for cooperating with é spherical surface of said
sliding element base portion at. a piurality of different
angles.

15. The orthopedic ~bone plate system 'according to
claim 1, wherein said stopping element has threads mateable to
threads on said stem of said bone. fastener. }

" 16. The orthopedic bone plate system according - to
claim 1, wherein said stopping element, said locking element
and said bone fastener are adapted for being locked on said
sliding element relative to one another, wherein said stopping
element, said locking element and said bone fastener may be
positioned about said sliding element aperture at a plurality
of angles.

17. The orthopedic .bone plate system according to
claim 1, wherein said bone plate has an interior wall adapted
for cooperating with said top and base ﬁortion of said sliding
element.

18. The orthopedic bone plate system according to
claim 1, wherein said top portion4and said base portion each
include a radially extending shoulder adapted for cooperating

with said upper and lower surface of said bone plate.



)

25

30

WO 2005/089662 PCT/EP2005/003212

23

19. The orthopedic "bone plate system according to
claim 1, wherein said sliding element is adapted for sliding
along said bone plate aperture along the longitudinal axis. .

20. Thé orthopédic bone plate system according to
claim 1, includimg a first set of threads disposed on said
stem portion and a sécond and third set of threads disposed on
said stopping element bore and gsaid locking element bore
respectively, wherein said first set of threads engage said
second and third set of threadé ‘when said stem portion is
placed within said locking element bore and said stoppihg
element bore. A | 4

21. The orthopedic bone plate system according to
claim 1, wherein said bone fagstener includes a top surface
having a recess adapted for engaging an instrument or tool.

22. The orthopedic bone plate system according to claim
21 wherein said recess is capable of being accessed after the
pone plate system is assembled. _

23. The orthopedic bone plate system according to
claim 1, wherein said bone plate has at least two apertures
separéﬁed by a bridge extending transverse. to the longitudinal
axis.

24. The orthopedic bone plate system according to
claim 1, whefein said bone plate is curved in an anterior and
posterior direction.

25. A system for coupling a bone fastener to a bone
plate comprising:

a bone plate having a bone facing surface and an
elongate opening therethrough extending along a longitudinal
axis generally parallel to said bone faciﬁg surface;

an insert slidable in said elongate opening, said
insert having a first part with a part-spherical outer surface
and an internal bore extending along an axis transverse to .

said elongate opening in said plate;
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a bone fastener having a first bone engaging pertion
and a second portion for extending through said bore in said
insert; and

A a locking element mounted on said second portion of
said fastener, said iocking element having a part-spherical
surface for engaging said spherical outer surface of said
insert, said locking element moveable towards said bone plate
along said second portion of said fastener for engaging and
moving said insert first part into engagement with said bone
plate ‘

26. The‘SYStem as set forth in claim 25, wherein said
insert further comprises a second part mounted on said
fastener and engageable with said bone facing plate surface,
said firsf and second insert parts moveable towards one
another for clamping said bone plate therebetween.

27. The system as set forth‘ in claim 26, further
comprising a stop element mounted on. said fastener second
portion and engageable with a bone facing surface of said
insert second part.

28. The system as set forth in claim 27, wherein said
second portion of said bone fastener is threaded and said stop
element and said locking element include threaded bores for
threadably engaging said threads of said fastener second
portion.

29. The System as set forth in claim 28, wherein said
first and second insert parts each have outer tapered surfaces
for engaglng tapered surface in said aperture.

30. . A method for implanting an orthopedic implant system
in a bone comprising: ‘ )

a. engaging a bone engaging portion of  a bone
fastener having a first:bone engaging portion and a second
portion extending from said bone  engaging portion elong a

longitudinal axis to a bone;
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b. providing a bone plate having a bone facing
surface and an elongated opening therethrough extending along
a longitudinal axis generally parallel to said béne facing
surface;

c. placing an insert sglidable in said elongate
opening on said bone fastener, said insert having a first part
with a spherical outer surface and an internal bore extending
along an axis transverse to said elongate opening in said
plate; '

- d. positioning said insert down said bone fastener
second portion, said insert bore being adapted for receiving
said second portion; | |

e. orienting said bone plate and said insert into
a desired position with respect to said bone fastener; and

£. mounting a locking element on said second
portion of said fastener, said 1locking element have a
spherical surface for engaging said spherical outer surface of
said insert, said locking element moveable towards said bone
plate along said second portion of said fastener for engaging
and moving said insert first‘part into engagement with said
bone plate. | '

31. The method according to claim 30, comprising the
step of adjusting said boﬁe fastener relative to said bone
éfter said insert receives said second portion.

32. The method according to c¢laim 30, wherein said
insert includes a setond part having a bore for receiving said
bone fastener second portion, said second part engageable with
said bone facing plate surface, said first and second insert
parts moveable towards one another for clamping said bone
plate therebetween.

33. The method accdrding to claim 32, further comprising

the step of nwunting a stop element on said fastener second
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portion and engageable with a bone facing surface of said

insert second part.
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